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Abstract: An individual’s chronotype, defined as the preference for rest and activity at different times
of the day, is linked to several physiological and psychological outcomes. Research on environmental
determinants of chronotype has focussed mostly on geographic location, whereas other socioenviron-
mental determinants have been neglected. We aimed to investigate the association between other
previously unrecognized socioenvironmental factors and chronotypes in adolescents. We analysed
data of 1916 Bengali adolescents (aged between 13–14 years, 47% girls). Chronotype was determined
by the reduced morningness–eveningness questionnaire (rMEQ), and socioenvironmental factors
were identified through a structured questionnaire. Associations were analysed using multinomial
logistic regression models. Our findings demonstrated that living in urban areas, the presence of
a smoker at home, and higher parental education were associated with a higher evening activity
(eveningness), while the use of biomass cooking media (compared to liquefied petroleum gas) and
assisting parents in farming were associated with higher morningness in adolescents. This is the first
study to identify the association between previously unrecognized socioenvironmental factors and
chronotypes delineating the interaction between environment and sleep in adolescents and might
help the parents to understand the importance of a proper sleep-activity rhythm of their kids through
a comprehensive understanding of their surrounding environment and other factors.
Keywords: adolescent; chronotype; socioenvironmental factor; performance; rMEQ
1. Introduction
Chronotype or circadian typology is an individual preference for sleep, along with
physical and mental activity at particular times of the day [1–3]. Depending on such
preferences, people can be divided into three different categories: morning type (early
to sleep and early to wake up, and more active during the first part of the day), evening
type (late to sleep and late to wake-up, and more active during the latter part of the day),
and intermediate-type (in between morning and evening types). Our sleep and activity
patterns are presumably governed by biological clocks, which is a synergy between the
central (suprachiasmatic nucleus, SCN) and the peripheral (various genes and proteins
present in peripheral tissues) clock machinery. Recently, genome-wide association studies
(GWAS) have demonstrated an intricately complex genetic makeup that may influence
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the chronotype of an individual [4,5]. However, apart from biological mechanisms, social
determinants have also been found to play a significant role in modulating our circadian
patterns. While the genetic components of circadian preference are quite stable and rarely
alter (some transition can be observed during early adulthood and advanced age), such
social attributes often interfere with the genetic components, a perturbation commonly
known as social jetlag [6,7]. This interaction can attribute to circadian misalignment leading
to a disrupted sleep-activity cycle.
In the last two decades, seminal attention has been paid to biological, psychologi-
cal, and environmental influencers of circadian typology. Among environmental factors,
temperature, geographic position (longitude and latitude), and sunshine hours have been
found to be associated with chronotype. It has been observed that people living in a warmer
climate are more morning oriented than those from colder climates [2,8]. Furthermore,
people from a more eastern region within the same time zone are more morning oriented
due to earlier sunrise/sunset in the eastern compared to western part of the time zone [9].
Other studies found an association between latitude and chronotype, i.e., people residing
near the equator have higher morning activity (morningness) than those residing distantly
from the equator [10,11], although one study found the opposite association [12]. Living in
rural areas compared to urban areas is associated with higher morningness [13]. Recent
evidence suggests that residential proximity to industry, exposure to second-hand smoke
(SHS), inappropriate indoor environment, and use of biomass cooking fuel were associated
with sleep disturbance [14–23]. Biomass cooking fuel is a well-known risk factor for several
chronic respiratory and cardiac diseases [24,25]. In developing countries like India, a large
proportion of the population who are at the lower bar in the socioeconomic status does
not have a separate kitchen and has to cook inside the living room area using biomass fuel.
This produces a very high amount of thick fume which not only hovers in the entire living
area but also the vents out to the neighbourhood. Although some of these abovementioned
socioenvironmental factors have often been studied in association with health conditions,
whether these factors are associated with an individual’s sleep and activity preference has
not yet been investigated.
In addition to these socioenvironmental factors, certain behavioural factors, such as
parental control and parental practice, have also been found to have a potential effect on
morningness orientation among adolescents [26–28]. It has been reported that parents’
knowledge of health was also associated with sleep quality in children [29]. Sleep behaviour
in minors is also influenced by family conditions [28,30], having a sibling [31], and daytime
outdoor activities [32,33]. It has also been reported that farm children experience more
sleep disturbance overall than nonfarm children [34].
Although the abovementioned socioenvironmental, interpersonal, and behavioural
factors have been extensively investigated as determinants of sleep, especially in children
and adolescents, whether these factors are also associated with chronotype has remained
undetermined. In this study, we aim to investigate the relationships between some of these
less-studied living conditions and socioenvironmental factors such as exposure to SHS at
home, indoor condition (sunlight, ventilation, and cleanliness), cooking media (liquefied
petroleum gas or biomass fuel), having a separate kitchen at home, residential proximity
to any factory, presence of a smoker at home, parental education, having a sibling, family
type, having a pet at home, taking care of the pet, assisting the family in farming, playing
outside, and chronotype in adolescents.
2. Methods
2.1. Study Design and Study Population
In this cross-sectional study, we analysed data from the Prevalence of Asthma and
Allergic Diseases among Adolescents (PERFORMANCE) study; detailed information about
the study design, participants, and methodologies has been described elsewhere [35].
In brief, we analysed data of 1916 adolescents (aged between 13 and 14 years) who
were recruited from 13 randomly selected schools of West Bengal, India. The study has
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been ethically approved by the Clinical Research Ethics Committee of the Allergy and
Asthma Research Centre (CREC-AARC), Kolkata, and since the study participants were
minors as per Indian law, informed consent was obtained from parents and appropriate
school administrations.
2.2. Instruments
Chronotype was assessed by a Bengali-validated version of the reduced morningness–
eveningness questionnaire (rMEQ) [3]. The rMEQ is composed of five items with a score
ranging between 4 and 25 and according to the classical cutoff values, scores >17 indicate
morningness while scores <12 indicate eveningness [36]. Since the cutoffs were determined
for the European population, we used 20/80th percentile cut-offs for classification, i.e.,
participants were categorised as evening, intermediate, and morning types if their total
rMEQ scores were <20th percentile, 20th–80th percentile, and >80th percentile of the total
rMEQ score, respectively.
A structured questionnaire was administered to the participants to obtain information
about their living conditions and socioenvironmental factors. We considered residential
domicile (rural, industrial suburban, nonindustrial suburban, and urban), indoor condition
in terms of sunlight, ventilation and cleanliness (poor, adequate, and plentiful), the cooking
medium used (liquefied petroleum gas, biomass fuel, or both), having a separate kitchen
at home, residential proximity to any factory that emanates dust, fume, and/or noise,
presence of a smoker at home, parental education (illiterate, up to primary, up to high
school, and college/university), number of siblings (none, one, two or more), family type
(nuclear/parents with children or joint/extended family), having a pet at home, taking
care of the pet, assisting the family in farming, and playing outside.
2.3. Statistical Analyses
The sample size for this study was estimated for the main objective of the PER-
FORMANCE study [35]. In our post hoc power calculation based on the distribution of
chronotype in the same age group in India [3], our sample size (N = 1916) allowed us to
generate a statistical power of 100%.
In this exploratory analysis, we first created a directed acyclic graph (DAG) based on
a priori evidence of relationships of the living conditions and socioenvironmental factors
either with chronotype or with sleep behaviour. Based on the DAG, we assessed the
bivariate relationship between each of the independent variables (residential domicile, a
smoker at home, indoor condition of the house, cooking media, having a separate kitchen,
and any factory/workshop near the house, parental education, number of siblings, family
type, having a pet, taking care, or playing with the pet, assisting parents in farming, and
playing outside) and chronotypes using Spearman’s rank-order correlation with Sidak’s
correction. We then constructed a multivariable multinomial regression model for all those
independent variables which were (i) either associated with chronotype in the correlation
analysis or (ii) if there was any previous evidence of such association. Morning type (MT)
was considered as the base outcome in the multivariable model. Sex was included in the
model as a covariate. The model building included a step-backward algorithm, and the
explanatory variables were retained in the model if (i) they were associated with chronotype
in the bivariate analyses (p < 0.05), (ii) modified the estimates of the remaining variables by
more than 10%, or (iii) found to be associated with chronotype in previous studies. The
goodness of fit of the logistic models was tested using a generalized Hosmer–Lemeshow
goodness-of-fit test [37] and Akaike’s information criteria (AIC) [38]. We also assessed any
multicollinearity between the independent variables by estimating the variance inflation
factor (VIF).
Additionally, we performed some secondary analyses. First, we repeated the analyses
stratifying by sex. Secondly, we constructed a negative binomial regression model between
rMEQ total score as a count variable and all the abovementioned independent variables
that were retained in the multinomial logistic model to observe homogeneity between
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results using categorical and continuous approaches to chronotype. All analyses were
performed in Stata V.15.1 (StataCorp, College Station, TX, USA). The present study has been
performed in accordance with the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines [39].
3. Results
3.1. Demographics
The demographics, living conditions, and socioenvironmental factors of the study
population are summarised in Table 1. Nearly half (46.5%) of the participants were girls.
More than 55% of the participants belonged to an intermediate chronotype, followed by
morning types, with evening types being the least frequent. Over half of the participants
resided in rural areas, followed by suburban and urban areas. Nearly two thirds of the
participants reported having at least one family member who smoked, and more than one
third of the population reported being exposed to SHS at home. Liquefied petroleum gas
(LPG) was used as the major cooking medium among the houses of participants. Most of
the participants had either of their parents graduate from a college or university, while
one third of participants had an education level less than or equal to primary school, with
parental education up to high-school level being the least frequent. About half of the
participants had a pet at home, and only one fifth assisted their parents in farming.
Table 1. Demographic profile of study participants according to chronotype.








Girl 891 (46.5) 211 (48.5) 516 (46.7) 164 (43.5)
Boy 1025 (53.5) 224 (51.5) 588 (53.3) 213 (56.5)
Residential domicile
Rural 1039 (54.2) 321 (73.8) 589 (53.4) 129 (34.2)
Nonindustrial suburban 284 (14.8) 55 (12.6) 166 (15.0) 63 (16.7)
Industrial suburban 165 (8.6) 24 (5.5) 116 (10.5) 25 (6.6)
Urban 428 (22.3) 35 (8.1) 233 (21.1) 160 (42.4)
Exposure to second-hand smoke at home 673 (37.9) 177 (44.5) 381 (37.1) 115 (32.6)
Indoor condition
Poor sunlight, ventilation, and cleanliness 456 (25.8) 133 (35.1) 266 (26.0) 57 (15.8)
Adequate sunlight, ventilation, and
cleanliness 545 (30.9) 107 (28.2) 336 (32.8) 102 (28.2)
Plentiful sunlight, ventilation, and
cleanliness 765 (43.3) 139 (36.7) 423 (41.3) 203 (56.1)
Cooking media
Liquefied petroleum gas (LPG) 1076 (56.9) 163 (37.9) 616 (56.5) 297 (80.1)
Biomass fuel 338 (17.9) 127 (29.5) 179 (16.4) 32 (8.6)
LPG+biomass fuel 478 (25.3) 140 (32.6) 296 (27.1) 42 (11.3)
Having a separate kitchen at home 1442 (76.7) 323 (76.2) 822 (75.8) 297 (80.1)
Any factory that emanates noise, dust,
fumes near home 272 (14.6) 57 (13.5) 167 (15.5) 48 (13.1)
A smoker at home 1106 (59.5) 257 (61.6) 651 (60.6) 198 (53.8)
Parental education
Illiterate 205 (11.9) 75 (19.8) 108 (10.9) 22 (6.4)
Up to primary 317 (18.5) 101 (26.7) 188 (18.9) 28 (8.1)
Up to high school 248 (14.4) 59 (15.6) 149 (15.0) 40 (11.6)
College/university 947 (55.2) 143 (37.8) 548 (55.2) 256 (74.0)
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Table 1. Cont.








No sibling 310 (17.8) 44 (10.6) 174 (17.4) 92 (28.1)
One sibling 907 (52.2) 206 (49.9) 530 (53.2) 171 (52.1)
Two or more siblings 521 (30.0) 163 (39.5) 293 (29.4) 65 (19.8)
Family type
Nuclear 1116 (59.7) 276 (64.9) 618 (57.4) 222 (60.7)
Joint 752 (40.3) 149 (35.1) 459 (42.2) 144 (39.3)
Having a pet at home 890 (47.8) 255 (60.4) 494 (46.0) 141 (38.5)
Taking care of pet 564 (31.0) 154 (37.6) 307 (29.4) 103 (28.5)
Assisting family in farming 389 (20.3) 143 (32.9) 212 (19.2) 34 (9.0)
Playing outside 1294 (68.4) 296 (68.8) 743 (68.2) 255 (68.2)
Data presented as frequency (percentage) unless otherwise listed.
3.2. Association between the Socioenvironmental Factors and Chronotype
The correlations between the studied chronotype and living condition/socioenvironmental
factors have been presented in Table 2. We observed that residential domicile, indoor condition,
and parental education were inversely associated (rho [ρ] value range: −0.29 to −0.16; p < 0.001)
with chronotype, i.e., residing in urban areas, better indoor condition, and higher parental
education were associated with higher eveningness. On the contrary, the use of biomass and
mixed (biomass+LPG) cooking media, having a sibling, having a pet at home, and assisting
parents in farming were significantly (ρ value range: 0.13 to 0.25; p < 0.001) associated with
higher morningness. Among the independent variables, residential domicile, and cooking
media, parental education, having a sibling, having a pet at home, and assisting parents in
farming were found to have higher interclass correlation than other socioenvironmental factors.
3.3. Multivariate Analyses between Socioenvironmental Factors and Chronotype
In Table 3, we observed that residential domicile was significantly associated with
chronotype; the probability of being evening chronotype rather than being morning type
was nearly 6 times higher among those living in urban areas than those living in the rural
areas (relative risk ratio [RRR]: 5.8; 95% confidence interval [95% CI]: 3.4–9.9). Similarly,
compared to living in rural areas, living in urban areas was associated with a two-fold
higher relative risk (RRR: 2.5; 95% CI: 1.6–3.9) of being intermediate type than being a
morning type. Compared to LPG, the use of biomass and mixed (LPG+biomass) cooking
media were also associated with higher morningness compared to eveningness. Having a
smoker at home was marginally associated with a higher relative risk of being intermediate
type (RRR: 1.3; 95% CI: 1.0–1.6) but not evening type. Parental education equal to or higher
than a college was associated with eveningness (RRR: 2.5; 95% CI: 1.4–4.4) compared to
those whose parents were illiterate. The association was also consistent, but to a lesser
extent, among the intermediate type (RRR: 1.8; 95% CI: 1.2–2.7). Assisting parents in
farming was found to be associated with greater morningness. Other factors such as
exposure to SHS at home, indoor condition of the house, having a separate kitchen, any
factory/workshop near the house, number of siblings, family type, having a pet, taking
care, or playing with the pet, and playing outside were not found to be significantly
associated with chronotype.
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Chronotype 1              
Res. domicile −0.29 1             
Indoor condition −0.16 0.25 1            
Cooking media 0.25 −0.41 −0.23 1           
Separate kitchen −0.05 −0.11 0.16 −0.09 1          
Nearby factory 0.002 0.04 −0.02 0.04 −0.07 1         
Smoker in family 0.06 −0.14 −0.14 0.13 0.03 0.06 1        
Parental education −0.25 0.41 0.28 −0.36 0.11 0.03 −0.16 1       
Siblings 0.16 −0.31 −0.24 0.35 −0.15 0.04 0.07 −0.38 1      
Family type −0.02 0.02 −0.03 −0.06 −0.001 0.06 0.09 0.07 −0.04 1     
Having pet 0.13 −0.22 −0.15 0.31 0.01 0.05 0.18 −0.21 0.22 0.08 1    
Playing pet 0.08 −0.11 −0.08 0.21 −0.03 0.04 0.14 −0.12 0.16 0.07 0.72 1   
Assisting farming 0.20 −0.28 −0.15 0.37 0.02 0.04 0.13 −0.23 0.27 −0.06 0.34 0.31 1  
Playing outside 0.01 0.12 −0.08 0.07 −0.07 0.06 0.05 −0.04 0.01 0.02 0.09 0.13 0.10 1 
Data presented under the diagonal are the Spearman’s rank order correlation coefficients (ρ). The heatmap over the diagonal indicates the p-values (after Sidak’s 
correction) of the corresponding correlation coefficients. 
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Res. domicile −0.29 1
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Cooking media 0.25 −0.41 −0.23 1
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Nearby factory 0.002 0.04 −0.02 0.04 −0.07 1
Smoker in family 0.06 −0.14 −0.14 0.13 0.03 0.06 1
Parental education −0.25 0.41 0.28 −0.36 0.11 0.03 −0.16 1
Siblings 0.16 −0.31 −0.24 0.35 −0.15 0.04 0.07 −0.38 1
Family type −0.02 0.02 −0.03 −0.06 −0.001 0.06 0.09 0.07 −0.04 1
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Table 3. Association between living conditions/socioenvironmental factors and chronotype consider-






Girl 1.3 (1.0–1.7) 1.7 (1.2–2.3)
Residential domicile
Rural Ref Ref
Nonindustrial suburban 1.2 (0.8–1.8) 1.7 (1.0–2.7)
Industrial suburban 2.2 (1.3–3.7) 2.5 (1.3–4.7)




Biomass fuel 0.7 (0.5–1.0) 0.4 (0.3–0.8)
LPG+biomass fuel 0.9 (0.6–1.2) 0.4 (0.3–0.7)
A smoker at home 1.3 (1.0–1.6) 1.2 (0.9–1.7)
Parental education
Illiterate Ref Ref
Up to primary 1.2 (0.8–1.8) 0.9 (0.5–1.7)
Up to high school 1.5 (1.0–2.3) 1.8 (0.9–3.4)
College/university 1.8 (1.2–2.7) 2.5 (1.4–4.4)
Assisting parents in farming 0.7 (0.5–0.9) 0.6 (0.3–0.9)
Data are presented as relative risk ratios (RRR) and 95% confidence interval (95% CI) unless otherwise stated. All
factors were entered in a single regression model. Values in bold are significant at p < 0.05.
3.4. Stratification Analysis by Sex
After stratifying by sex, living in industrial suburban and urban areas were found to be
associated with higher eveningness among the boys, whereas living in industrial suburban
areas was associated with higher eveningness among the girls (Table 4). Compared to
LPG, the use of biomass and mixed-type cooking media (LPG+biomass) was found to be
associated with higher morningness than eveningness among the girls. Having a smoker
at home was associated with a higher probability of being intermediate type than morning
type among the boys, but no association was observed among girls. Compared to girls
whose parents were illiterate, those whose parents attended a college/university had a two-
fold (RRR: 2.0; 95% CI: 1.1–3.6) and four-fold (RRR: 3.9; 95% CI: 1.5–9.9) higher probability
of being intermediate and evening types, respectively, than morning type. Assisting parents
in farming was associated with higher morning type than the intermediate type (RRR: 0.4;
95% CI: 0.3–0.7) among girls, but no association was found among boys.
3.5. Sensitivity Analysis Using rMEQ Total Score as the Dependent Variable
Taking the total rMEQ score as the outcome in the negative binomial model, we found
these results were similar to results where we used chronotypes as categories. Being a
girl was marginally associated with eveningness. Living in industrial suburbs and urban
areas were associated with a lower total rMEQ score depicting a higher probability of
eveningness (Table 5). Use of biomass and mixed-type (LPG+biomass) cooking media were
associated with higher morningness. Furthermore, higher parental education was asso-
ciated with higher eveningness (β: −0.05; 95% CI: −0.10–−0.01) among the participants.
Assisting parents in farming was found to be marginally (p = 0.06) associated with higher
morningness among the participants (β: 0.03; 95% CI: −0.001–0.07). Overall, we observed
that most of the factors, which were associated with chronotype, were also consistent
when related to the total rMEQ score, indicating homogeneity between rMEQ total score
and chronotypes.
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Table 4. Association between living conditions/socioenvironmental factors and chronotype, stratified by sex, considering
morning type as the base outcome in a multinomial logistic regression model.
Factors
Boys Girls
Intermediate Type Evening Type Intermediate Type Evening Type
Residential domicile
Rural Ref Ref Ref Ref
Nonindustrial suburban 1.7 (1.0–2.7) 1.2 (0.6–2.4) 0.8 (0.4–1.8) 2.2 (0.9–5.0)
Industrial suburban 1.6 (0.8–3.3) 2.6 (1.0–6.5) 3.2 (1.5–6.6) 2.8 (1.1–7.2)
Urban 3.7 (2.1–6.3) 7.7 (4.1–14.4) 1.3 (0.5–3.7) 2.7 (0.9–8.2)
Cooking media
Liquefied petroleum gas (LPG) Ref Ref Ref Ref
Biomass fuel 0.6 (0.3–1.1) 0.7 (0.3–1.5) 0.6 (0.3–1.0) 0.3 (0.1–0.7)
LPG+Biomass fuel 1.2 (0.7–2.0) 0.6 (0.3–1.2) 0.6 (0.4–0.9) 0.3 (0.1–0.5)
A smoker at home 1.5 (1.0–2.1) 1.2 (0.8–1.9) 1.1 (0.7–1.6) 1.1 (0.7–2.0)
Parental education
Illiterate Ref Ref Ref Ref
Up to primary 1.4 (0.8–2.6) 0.9 (0.4–2.3) 1.1 (0.6–1.8) 0.8 (0.3–2.2)
Up to high school 1.0 (0.5–1.9) 1.2 (0.5–3.0) 2.2 (1.1–4.3) 2.1 (0.7–6.3)
College/university 1.6 (0.9–2.8) 1.6 (0.7–3.4) 2.0 (1.1–3.6) 3.9 (1.5–9.9)
Assisting parents in farming 0.9 (0.6–1.4) 0.6 (0.3–1.1) 0.4 (0.3–0.7) 0.6 (0.2–1.5)
Data are presented as relative risk ratios (RRR) and 95% confidence interval (95% CI) unless otherwise stated. All factors were entered in a
single regression model. Values in bold are significant at p < 0.05.
Table 5. Associations between living conditions/socioenvironmental factors and total rMEQ score.






Nonindustrial suburban −0.03 (−0.0–0.01)
Industrial suburban −0.06 (−0.11–−0.02)
Urban −0.14 (−0.18–−0.10)
Cooking media
Liquefied petroleum gas (LPG) Ref
Biomass fuel 0.06 (0.02–0.10)
LPG+Biomass fuel 0.06 (0.03–0.09)
A smoker at home −0.02 (−0.05–0.003)
Parental education
Illiterate Ref
Up to primary 0.007 (−0.04–0.05)
Up to high school −0.04 (−0.08–0.01)
College/university −0.05 (−0.10–−0.01)
Assisting family in farming 0.03 (−0.001–0.07)
Data presented as regression coefficient (β) with 95% confidence interval (95% CI). All factors were entered in a
single regression model. Level of significance was considered as p < 0.05. Values in bold are significant at p < 0.05.
4. Discussion
4.1. Summary of the Findings and Its Contextual Relevance
To our knowledge, this is the first study to explore the relationship between chronotype
and living conditions and socioenvironmental factors. Our result shows that residential
domicile, cooking media, having a smoker at home, parental education, and assisting
parents in farming are some of the less-studied determinants of chronotype, particularly
in adolescents.
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In our study, living in urban areas compared to rural areas was associated with higher
eveningness, a finding comparable to previous studies using Indian samples [8,40,41]. The
effect was consistent, but to a lesser extent, among those living in industrialized suburbs.
Chronotype is dependent on several socioenvironmental aspects including ambient light
and temperature [1,42]. Socioecological models explain that urbanization propels humans
towards an artificial environment, e.g., controlled temperature and light, rather than a
natural environment [43,44], which may result in a lesser exposure to natural light in the
morning and greater exposure to artificial evening light that can foster eveningness [1,45].
Secondly, compared to a rural lifestyle, an urban lifestyle can offer various nocturnal leisure
activities which lead to more evening preference [8]. Thirdly, compared to rural areas,
the ambient environment in industrialized suburbs and urban areas constitutes several
factors such as higher noise emanating from traffic and industrial sources and higher
artificial light at night (ALAN), which are known perturbations of sleep and circadian
disruption [18,45]. However, there is still a lack of direct causal evidence of the association
between urbanization and eveningness, and more epidemiological studies are needed to
explore a plausible relationship.
As compared to LPG use, using biomass cooking and biomass mixed-type cooking
media was significantly associated with higher morningness, particularly among girls. LPG
is a readily accessible medium that requires less time for cooking than using other biomass
cooking media. Moreover, in developing countries like India, adolescents, particularly
girls in rural areas, assist their parents in household chores including cooking [46], as
observed in our study. A recent study showed that household air pollution due to solid
fuel combustion was associated with poor sleep among the elderly [22]. Furthermore,
although we did not observe any association between indoor conditions and chronotype in
our study, indoor air quality (such as odour, airflow, and improper ventilation) was also
found to be associated with poor sleep quality and increased risk of sleep apnoea [14–17].
Reducing the use of solid fuel was observed to improve respiratory and sleep symptoms in
children [23]. Finally, biomass is typically stored outside of living spaces, and its supply
to the kitchen can increase time spent outdoors, which may advance the chronotype if
occurring during the first half of the day [9]. However, it is not well understood whether
the advancement of such chronotype is driven by a biological clock or is influenced by
family obligations. Quantitative assessment of chronotype through a Munich chronotype
questionnaire (MCTQ) [47] might be helpful in assessing whether there is social jetlag
(misalignment of biological and social time) among the adolescents and thus may confirm
the aforementioned argument.
In our study, having a smoker at home was found to be associated with a lower
probability of being morning type than intermediate type. It is known that secondary smoke
exposure can change sleep–wake patterns to a great extent, with insufficient rest/sleep
observed among nonsmokers exposed to secondary smoke [20,21] and increased severity
of insomnia [20,48,49]. A recent meta-analysis also suggested that self-reported exposure
to SHS was associated with the increased odds of short sleep duration, poor sleep quality,
and excessive daytime sleepiness [19]. The sleep pattern and efficiency of sleep may
be disturbed by nicotine-induced release of dopamine and serotonin, sleep-regulating
neurotransmitters [48]. However, we have not collected data on sleep habits (bedtime and
getting up, time spent sleeping, etc.) that could be provide a more objective understanding
about their sleep behaviour than the chronotype. With a smaller percentage of those having
a smoker at home among evening-type participants than the other two chronotypes, it
may be possible that the tendency towards being an intermediate type in SHS-exposed
participants was not necessarily related to exposure to nicotine and by-products but rather
other unobserved perturbations which warrant further investigation.
We found that higher parental education was associated with higher eveningness
among adolescents. Education is often used as a proxy for socioeconomic status [50,51], and
it has been reported that higher educational qualification is directly associated with better
socioeconomic conditions [50] and lifestyle conditions [52]. Therefore, it can be assumed
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that adolescents of highly educated parents are socially and culturally more exposed
to evening-oriented activities than adolescents whose parents had lower educational
qualifications. However, there could be other unobserved factors associated with higher
parental education which could influence more eveningness among their children. In this
study, the association between parental education and eveningness was present only among
girls living in rural areas. Although such gender-based variation is not well understood,
one plausible explanation could be the possibility that highly educated parents exercise
less parental control over their children’s night-time activities (reading, working on screens,
etc.). However, we did not assess these variables systematically in this study.
Children living in rural areas directly assist their parents in farming or provide
auxiliary support in farming or such activities. In subtropical countries like India, farming
activities usually start early in the morning to avoid mid-day heat [41]; therefore, morning
orientation is common among farmers in rural areas. One recent study on farm adolescents
between 11 and 16 years of age showed that 30% of adolescents had inadequate sleep
compared to nonfarm adolescents [34]. Children from a farming background typically
follow family practice and are often more morning oriented than those from nonfarming
families. One plausible explanation of this association can be drawn in light of day-time
physical activity. Some studies suggest that day-time physical exercise [53] as well as longer
duration of exercise [54] can actually advance the circadian phase in humans. Farming can
be considered as a homologous situation to that of prolonged day-time physical activity,
particularly in Indian rural areas, which might induce a similar phase advancement in
our study population. However, whether such morningness among rural adolescents is
propelled by their biological clock or due to social constraints (such as family and economic
condition, farm operation, etc.) is not conclusive and needs further exploration.
4.2. Societal and Psychological Implications
The results of our study describe, for the first time, evidence of an understudied poten-
tial association between socioenvironmental factors and chronotypes of adolescents. The
results also describe the importance of these factors as important influencers of chronotype,
particularly in adolescents, and might help chronobiologists, psychologists, and social
science researchers to identify plausible attributing factors while assessing individual sleep
and activity. Our finding also advocates the importance of more empirical research on this
topic to explore unobserved determinants of circadian typology.
4.3. Strengths and Limitations
One of the strengths of this study is its large sample size, encompassing a widely
distributed territory that covered rural, suburban, and urban areas. Secondly, we assessed
several novel factors that have not been investigated systematically. However, our studies
have some limitations that should be kept in mind. The cross-sectional design of this
study does not allow us to draw any causal associations between the studied factors and
chronotype. Another limitation of our study is that we could not observe social jetlag.
Although we had previously observed a moderate–high consistency of rMEQ score in a
subset of this population who lived in rural and urban areas (Cronbach’s α 0.76 and 0.75,
respectively for rural and urban population) [3], we cannot rule out the possible influence
of social jetlag on one’s preference to sleep and activity. Additionally, we could not perform
any objective measurement of the sleep–wakefulness cycle or diurnal activities of the
participants which could have provided substantial support to our results. Though our
present study opens several dimensions regarding the possible role of socioenvironmental
aspects in modulating the chronotype of individuals, future studies that include hourly
sleep measure and other objective variables related to diurnal activity (e.g., actigraphy)
and habits would help explain such kind of composite association between chronotype
and socioenvironmental factors, and chronotype.
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5. Conclusions
We may conclude that in addition to well-known socioenvironmental determinants
of chronotype, several other previously unrecognized socioenvironmental factors are also
associated with chronotype, particularly in adolescents. More longitudinal qualitative and
quantitative epidemiological studies that follow their passage to adulthood are warranted.
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